Summary: We demonstrated transmission of human cytomegalovirus (HCMV) from the human lung fibroblast MRC-5 to peripheral blood leukocytes (PBLs). mRNA of the HCMV immediately early (IE) antigen was detected in PBLs cultured with IL-2 or IL-2+ IL-4 that made direct contact with HCMV-infected MRC-5, whereas it was not detected in PBLs prevented from making cell-to cell contact. However, mRNA of HCMV IE was not detected in PBLs cultured with IL-2 and IFN gamma that made direct contact with HCMV-infected MRC-5. Transmission of the pp65 antigen was increased in culture medium containing IL-4. At a higher viral infection titer, cell-free HCMV infected adherent PBLs cells. The subset, which did not adhere, did not infect cell-free viruses even at a very high multiplicity of infection. Moreover, the adhered subset of PBLs infected with HCMV was able to transmit HCMV to non-infected fibroblasts. Our results suggest that cell-to-cell contact (when PBLs make direct contact with HCMV-infected cells) is important in the mechanism of HCMV transmission and that the adherent cells of PBLs are one of the most important vehicles for HCMV infection. Moreover, we suggest that type 2 cytokines such as IL-4 enhance the transmission of HCMV to PBLs.
INTRODUCTION
Human cytomegalovirus (HCMV) is a pathogen of opportunistic infection. The presence of HCMV in blood is a significant indicator of the development of HCMV disease [1] . For immunocompromised host like recipients of bone marrow transplantation or AIDS patients, HCMV frequently causes severe pneumonitis.
Moreover, amplification of HCMV DNA from peripheral blood is significant in deter mining the prognosis of diseases [2-4]. We previ ously reported that detection of the HCMV antigen in monocytes is related to HCMV activation, and that detection in neutrophils indicates that the patient has an HCMV-associated disease [4, 5] . Kondo et al. [6] suggest that granulocyte-macrophage progenitor (GM-P) in bone marrow is a potential reservoir of latent HCMV. They reported that HCMV infection of GM-P is non-cytocidal and that viral gene expres sion is restricted. Numerous studies report that peripheral blood leukocytes (PBLs) are able to har bor the virus in an infectious state [7] [8] [9] . However, the origin of the virus carried by PBLs and the mechanism of the transmission is not known.
Increased production of type 2 cytokines (e.g., IL-4 and IL-10) has been highlighted in the suppres sion of cellular immunity. IL-4 is secreted not only from CD4 positive T cells but also from several CD8 positive T cells in a compromised host [10] . It is a most important factor for the development of humoral responses. In contrast, IL-4 inhibits cytokine produc tion by activated monocytes. The transcription of IFN-alpha and IL-12 are inhibited. IL-4 suppresses the development of type 1 cells through down-regulation of IL-12 production [11, 12] . Since infec tions with intracellular pathogens like HCMV are greatly regulated by cellular responses, a predom inance of cellular responses to type 2 cytokines may contribute to the decreased resistance to infection. Matsuo et al. [13] reported that IL-4 and IL-10 pro duction was increased by burn-associated CD8 positive cells in the thermal-injured mouse spleen. They showed that predominance of type 2 cytokine suppresses resistance to HSV infection. In the pres ent experiment, we observed the influence of type 2 cytokine on HCMV infection of peripheral blood cells in vitro. PBLs, which were co-cultured with HCMVinoculated MRC-5 in the presence of IL-2 or IL-2+ IL-4, were removed by incubation with trypsin-EDTA (0.3%), washing twice in Ca" and Mg2l free PBS and cytocentrifugation on heavy teflon coating slide (HTCS) glasses. The slides were dried and fixed with cold acetone for 5 min. The slides were stained with a commercially available kit (CMV anti gen Mitsubishi, Dia-Iaton Co., Tokyo). Under light microscopy, CMV antigen-positive cells developed a distinct red-colored stain and were enumerated in triplicate.
MATERIALS AND METHODS

Virus and cells
Inoculate HCMV to PBL in higher multiplicity of infection (MOI) 
RESULTS
Detection of HCMV IE mRNA by RT-PCR
As shown in Fig. 1 , mRNA of HCMV IE was KITA.IIMA ET AL.
detected in the sample of PBLs which made direct contact with HCMV-infected MRC-5 (Fig. 1a) , but was not detected in that which was separated by the cell membrane insert (Fig. 1b) 
DISCUSSION
We demonstrated herein that HCMV IE mRNA and pp65 antigens were detected in PBLs that made direct contact with HCMV-infected MRC-5. PBLs were infected when they were placed under the cell membrane insert, enabling direct cell-to-cell contact to occur. In contrast, infection did not occur in the parallel experiment under same conditions when the cell membrane insert prevented direct contact. Grundy et al. [16] demonstrated that CMV-infected endothelial cells can recruit neutrophils by the secretion of C-X-C chemokines and can transmit the virus to them by direct cell-to-cell contact. Our results supported this (Fig. 1) . The direct contact of PBL with HCMV-infected cells appears to be an importance in the transmission of HCMV.
In our present study, pp65 antigens and IE mRNA expression were observed in PBLs which were co-cultured with CMV-infected fibroblasts in the presence of type 2 cytokines such as IL-4 (Figs 1  and 2 ). However, transmission was not observed in the presence of the type 1 cytokine IFN-gamma. We suggested that the transmission of HCMV was affected by the presence of IL-4. This finding shows the possibility of transmission to PBLs is increased by the presence of type 2 cytokines. In addition, HCMV infection to MRCS cell induces the produc tion of proinflammatory cytokine (IL-6) from the MRCS cell [17] . IL-6 is a cytokine that promotes inflammation by stimulating the proliferation of B and T lymphocytes to type 2 predominant. IL-6 may enhance the effect of IL-4.
We demonstrated the presence of HCMV IE mRNA in PBLs following incubation with cell-free virus (Fig. 3a) . PBLs were divided into two groups: adherent cells and nonadherent cells. Adherent cells consisted of neutrophils and monocytes. Nonadherent cells included lymphocytes and natural killer cells. Positive PCR results were obtained from the sample of adherent cells. Small aliquots transferred to the non-infected MRC-5 monolayer caused a cytopathic effect (Fig. 3b) . These results suggest that although cell-to-cell contact is highly important for transmis sion, it is not essential. Neutrophils are thought to be an important source of infectious HCMV in the peripheral blood of viremic patients. The presence of pp65 in the periph eral blood neutrophils of such patients forms the basis of the diagnostic antigenemia tests. It has been assumed that neutrophils acquire HCMV in vivo from the phagocytosis of virions or debris from infected cells. Grundy [16] suggested that in vivo neutrophils acquire the virus from direct contact with infected endothelial cells. The present in vitro results suggest the existence of both: phagocytosis of virions and direct contact. Cell-free contact infection is not realistic in vivo when we consider the higher MOI required for contact-free inoculation. Probably cellto-cell contact is the main mechanism of transmis sion. We hypothesize that activation of the adhesion molecule located on the granulocyte and macrophage induces this mechanism. Neutrophils recruited and attached to infected cells produced IL-8 [18], which enhanced HCMV replication in fibroblasts [19] . This may contribute to the increase in inflammation that in turn enhances the viral replication and cytopathic effect. Phagocytdsis eliminates debris and activates the production of IFN gamma and the presentation of antigens. Following these cascades, cytotoxic T cells may be activated and the inflammation may develop into pneumonia. We investigated only one strain, therefore, further study of other strains is required to determine whether type 2 cytokines are also capable of enhancing transmission from fibroblasts to PBLs.
In summary, we demonstrated HCMV transmis sion from fibroblasts to PBLs in direct cell-to-cell contact in vitro. However, adherent cells of PBLs were infected with cell-free HCMV only at an extremely high viral inoculation titer. All PBLs stained positive by the pp65 antigenemia assay showed a polymorphonuclear shape.
Moreover, HCMV-infected
PBLs transmitted HCMV to non infected fibroblasts. The transmissions of HCMV were affected by the presence of IL-4. We suggest that the adhered subset of PBLs is one of the most important vehicles for HCMV infection and type 2 cytokines such as IL-4 enhance the transmission of HCMV.
